A field experiment was carried out on clayey soil at the experimental farm, AICRP on integrated farming systems, VNMKV, Parbhani during kharif 2014 to evaluate the effect of nitrogen, phosphorus and zinc on yield attributes, yield and economics of maize crop. The experiment was laid out in split plot design comprising two main plot factors (N and Zn) and P as Sub-plot factors. Nitrogen was applied at three levels (100, 125 and 150 kg ha ) and phosphorus was applied at three levels (50, 75 and 100 kg ha -1 ). Application of nitrogen at 150 kg and 125 kg ha -1 was found at par for maize grain yield and were significantly superior over 100 kg N ha -1
A field experiment was carried out on clayey soil at the experimental farm, AICRP on integrated farming systems, VNMKV, Parbhani during kharif 2014 to evaluate the effect of nitrogen, phosphorus and zinc on yield attributes, yield and economics of maize crop. The experiment was laid out in split plot design comprising two main plot factors (N and Zn) and P as Sub-plot factors. Nitrogen was applied at three levels (100, 125 and 150 kg ha ) and phosphorus was applied at three levels (50, 75 and 100 kg ha -1 ). Application of nitrogen at 150 kg and 125 kg ha -1 was found at par for maize grain yield and were significantly superior over 100 kg N ha -1
. The application of 25 and 35 kg ZnSO 4 ha -1 did not affect maize grain yield significantly. Similarly, application of 100 and 75 kg P ha -1 were at par in respect to grain yield and was significantly superior over 50 kg P ha -1
. Gross monetary returns, net monetary returns and B:C ratio increased with increasing level of N, P and Z except in B:C ratio where 75 kg P ha -1 recorded maximum value (2.83). A significant N×P interaction was observed in respect to no. grains cob -1 and grain weight plant -1
. The interaction effect between nitrogen and zinc was also significant on maize spindle yield.
Introduction
Maize is called as queen of cereal due to its great importance in human, animal diet and high yielding ability. It is the crop of the future as mentioned by the Father of Green Revolution, Renounced Nobel Laureate Dr. Norman E. Borlaug. Maize plays a vital role in ensuring food security as well as nutritional security through quality protein Manan et al. (2013) . It has an important role in the industry as more than 35 products of daily use are derived from maize. It is raw material for a no. of products via. Starch, lactic acid, glucose, acetic acid, dextrose, sorbitol, dextrine, high fructose syrup, maltodextrine, germ oil, germ application in industries such as alcohol, textile, paper, pharmaceutical, organ chemical, cosmetics and edible oil. On an average, 1 t maize gives 400 l. ethanol while 1 t sugar beet/sugarcane gives only 100 l. Ethanol. In general, 15 thousand ha area gives 13400 l. ethanol (Kadam, 2008) .
Maize is principally a rainy season crop and requires a minimum soil temperature of 13 °C for germination and root development (optimum range 21 °C-27 °C). It response well to warm conditions (optimum of 21 °C-30 °C) as growth increases with temperature up to 30 °C. In Maharashtra, the area and production of maize is about 1.21 mha and 3.98 mt productions with the productivity of 2544 kg ha -1 (Anonymous, 2014) .
As maize is more exhausting in its demand for growth promoting factors, it is very crucial to determine the optimum rate of nitrogen fertilizer application as exceeding dosage may result in crop lodging, delayed silking, enhanced no. of barren ears, poor grain quality and subsequently, lower grain productivity. Furthermore, in Maharashtra, predominantly in Marathwada region, sorghum (most important staple food crop) is being replaced by maize in kharif season. Nitrogen, phosphorus and zinc have been reported as the third most important limiting nutrient elements in crop production. Zinc is the important micro nutrient for cereals particularly maize. Therefore, the knowledge of nitrogen, phosphorus and zinc, their dose, method and application rate must be properly evaluated for maize crop. In view of the above, these study was undertaken.
Materials and Methods
The field experiment was conducted at AICRP on integrated farming systems, VNMKV, Parbhani during kharif, 2014. The soil of the experimental field was clayey in texture, low in available N (186.42 kg ha ) with pH 7.9. A split plot design with three replications for eighteen treatments combinations was followed. Treatments include combinations of various levels of nitrogen, phosphorus and zinc. The levels of nitrogen include 100, 125 and 150 kg ha -1 and zinc levels are 25 and 35 kg ha -1 in main plot and three phosphorus levels (50, 75 and 100 kg ha -1 ) in sub-plots. Nitrogen was applied through neem coated urea-46% as treatments -1 in two equal splits at sowing (basal) and knee height stage (top dress). The full dose of phosphorus and zinc were applied through single super phosphate (SSP-16%) and Zinc sulphate (ZnSO 4 -23%) as treatment -1 at the time of sowing respectively. A common dose of potassium was applied through muriate of potash at the rate of 75 kg ha -1 to all treatment plots at sowing. Fertilizer application was done by peg method. Maize hybrid, RASI-3022 was dibbled along a row spacing of 60×30 cm 2 , with a seed rate of 18 kg ha -1
. The statistical analysis was done as suggested by Panse and Sukhatme (1967) . Cost of cultivation, gross and net monetary returns and B:C ratio was calculated on ha -1 basis using the prevailing market prices of input and output. The harvest index, net monetary returns and benefit cost ratio were worked out by using the following equations:
Results and Discussion

Effect on yield attributes
Variations in grain and biological yield can be determined from differences in yield attributes, as yield of maize is a function of yield attributing characters viz., no. of cobs plant -¹, cob weight plant -¹, husk weight plant -¹, spindle weight plant -¹, grain rows cob -¹, number of grains cob -¹, grain weight plant -¹ and 1000 seeds weight.
The yield attributing characters (Table 1 and 2) stated above were influenced significantly by varying rate of nitrogen. There was a significant variation in yield contributing characters with increasing N rate. Application of 150 kg N ha -1 recorded highest values over 125 kg and 100 kg N ha -1 , though it was at par with 125 kg N ha -1 in some cases. This may be attributed to the beneficial effects of higher levels of N on dry matter accumulation, ultimately reflected in increasing the yield attributing characters, the higher availability of source under the higher N rates created more sink than the lower N rates. These findings are in agreement with reports of Meena et al. (2011) .
Yield attributes viz., cob weight plant -1 , and grain weight plant -1 increased with application of 35 kg ZnSO 4 ha -1 over 25 kg ZnSO 4 ha -1 . Zinc is involved in protein synthesis and biosynthesis of Indole 3-acetic acid (a growth hormone, involved in cell division and cell elongation), which may have caused an increase in plant height, no. of leaves, leaf area and dry matter accumulation, resulting in higher yield attributes. These findings are in agreement with Masood et al. (2011) . Thousand seeds weight did not vary statistically with increasing Z level, indicating that 25 kg ZnSO 4 ha -1 was the optimum range. Similar report was observed by Olusegun et al. (2014) .
Perusal of the data revealed that different levels of phosphorus had significant effect on yield attributes of maize. higher P level might have resulted in greater assimilates partitioning to the cobs which increase the no. of rows and grains no. cob -1 compared with that obtained with lower P level. Amanullah and Muhammad Zakirullah (2010) also report that yield attribute of maize increased with increasing levels of P. Phosphorus being responsible for good root growth directly affected the thousand grain weight because P rate at 50 kg ha -1 resulted in the least thousand grain weight. The highest thousand grain weight of 301.18 g was obtained from P rate at 100 kg ha -1 but was statistically at par with 75 kg P ha -1
. Highest grain weight with higher P level probably may be due to the higher P translocation into the fruiting areas which resulted in highest grain weight (Sushila Sepat and Rai, 2013).
Effect on yield
A significant difference in maize grain yield, husk yield, spindle yield and biological yield ha -1 were observed due to different N levels ( The increment in grain and biological yield with a rise in N level might be attributed to the optimum utilization of solar light, higher assimilates production due to higher growth character and it conversion to starches resulted in higher yield attributes, biomass and seed yield. Lower N fertilization decreased the grain and stover yield because it affects the no. of endospermatic cell and starch granules in the early post flowering period and also causes the reduction of source assimilation during grain filling period. These results are corroborated with Manan et al. (2013) . Harvest index was highest at 150 kg N ha -1 (48.4%). It was significantly higher with application of 255 kg N ha -1 over 75 kg and 150 kg N ha -1 as reported by Olusegun et al. (2014) . . Increasing the amount of Zn applied from (10 to 40 kg ha -1 ) did not affect grain yield statistically (Olusegun and Chirwa, 2014) . However, stover yield and biological yield of maize were significantly superior with 35 kg ZnSO 4 ha -1
. The highest value of harvest index i.e. 46.7% was noted with 35 kg ZnSO 4 ha -1 . The result of this research confirms the previous works of Nsanzabaganwa et al. (2014) .
Phosphorus levels had significant effect on grain, stover and biological yield of maize. Phosphorus application at 100 and 75 kg ha -1 recorded at par higher grain yield of 6126 kg and 6003.2 kg ha -1 respectively and were significantly superior over 50 kg ha -1 (5716.6 kg ha -1
). Further increase in phosphorus from 75 to 100 kg ha -1 though increased the grain yield but failed to register statistical significance. In case of stover and biological Phosphorus application at 100 kg ha 
Effect on economic studies
The effect of nitrogen application on GMR and NMR in maize was found significant with different nitrogen levels (Table 4) . NMR and B:C ratio increased significantly with each successive yield same kind of trend is observed. Harvest index of maize increased up to 100 kg P ha -1 (47.2%). The increase in maize yield at higher phosphorus level probably, may be ascribed to the increase in cob number, no. of grains row and no. of grains cob -1 as well as heaviest grain weight. A good and optimum supply of phosphorus is associated with increase root growth due to which the plants explore more soil nutrients and water. 
50.3×10
3 ` ha -1 and 2.89) respectively. Effect of Phosphorus on GMR and NMR in maize was significant with all P rates. Statistically, beneficial response was only up to 75 kg P ha -1 . The phosphorus application at 75 kg ha -1 registered highest B:C ratio of (2.83) over 100 kg and 50 kg P ha -1
. It might be due to the beneficial effect of P on improving growth characters, yield attributes, grain yield and stover yield of maize. Singh et al. (2011) observed similar kind of results. Interaction effects on GMR and NMR due to N, P and Zn levels were not evident.
Interaction effect
A significant N×P interaction (Table 5 and 6) was observed in respect to no. grains cob -1 and grain weight plant -1
. This may account for the higher yield produced by increasing levels of N and P. These results are in agreement with Nsanzabaganwa et al. (2014) who observed a significant N×P interaction. The interaction effect between nitrogen and zinc was also significant on maize spindle yield. The highest maize spindle yield was recorded with 150 kg N ha -1 (1573.8 kg ha ) and among zinc fertility levels with 25 kg ZnSO 4 (1159.9 kg ha -1 ). Owla et al. (2015) corroborate my results of the present study with respect to significant fertility levels interaction.
Conclusion
Application of nitrogen @ 150 kg and 125 kg ha -1 being at par were significantly superior over 100 kg N ha -1 to influence the maize grain yield. Similarly, phophorous @ 100 and 75 kg ha -1 being at par were were significantly superior over 50 kg ha -1 . The application of 25 and 35 kg ZnSO 4 ha -1 did not affect maize grain yield significantly. Gross monetary returns, net monetary returns and B:C ratio increased with increasing level of N, P and Z except in B:C ratio where 75 kg P ha -1 recorded maximum value (2.83).
